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a 

FORE WORD 

The Apollo FD-5 model t e s t s  w e r e  conducted 
under  NASA Apollo Contract  NAS9- 150, Exhibit I, 
P a r a g r a p h  5.5,  f r o m  18 Apr i l  1963 to 25 Apr i l  1963 
i n  the AEDC VKF Tunnel A. 

This  r e p o r t  was  p repa red  by C. E. Mitchell  and 
C. L. Berthold of the Wind Tunnel P r o j e c t s  Group, 
Los Angeles Division of North Amer ican  Aviation. 
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ABSTRACT 

Dynamic s tabi l i ty  data a r e  p re sen ted  in  both 
tabular  and plotted fo rm for wind tunnel t e s t s  on 
Apollo models  (FD-5) of the launch escape  vehicle 
(0 .059-scale)  and command module en t ry  (0.050- 
s c a l e )  configurations at Mach numbers  f rom 1. 50 
to 6.00. The data  w e r e  obtained while the models  
w e r e  allowed to osci l la te  f r ee ly  in the range of 
t he i r  respec t ive  t r i m  angles .  Each configuration 
w a s  tes ted  with command module s t r a k e s  on and 
off and with osci l la t ion c e n t e r s  located a t  s e v e r a l  
cen ter  of gravi ty  posit ions.  

Tunnel operat ing conditions,  configuration 
descr ip t ion ,  computation equat ions,  and typical 
model  and installation photographs a r e  a l so  
included. 

- v -  
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INTRODUCTION 

Apollo FD-5 dynamic stabil i ty t e s t s  w e r e  conducted, uti l izing the f r e e  
osci l la t ion technique, at the von Karman Gas  Dynamics Faci l i ty  (VKF) of 
the Arnold Engineering Development Center  (AEDC) in the 40-inch supqr - 
sonic  tunnel A. 
stabi l i ty  c h a r a c t e r i s t i c s ,  a t  l a rge  osci l la t ion ampli tudes (approximately 
i 1 5  degrees ) ,  of the command module en t ry  and launch e scape  vehicle  (LEV)  
configurations i n  the Mach number range  f r o m  1. 50 to 6.00. 

This investigation was  made  to  evaluate the dynamic 

The configuration incorporated s t r a k e s  on the command module for  
both the en t ry  and launch e scape  vehicles  , but .additional invest igat ions w e r e  
made  without s t r a k e s  at oscil lation cen te r s  o ther  than the design center  of 
gravi ty .  The escape  vehicle was  a l s o  t e s t ed  without s t r a k e s  at a n  osc i l la -  
t ion center  on the model  ax is  of symmet ry  immediately above the design 
center  of gravi ty  to s imulate  a yawing condition. 
made  in the region of the proposed t r i m  angle for  each configuration. 

These invest igat ions w e r e  

To obtain frequency effects,  a major i ty  of the configurations w e r e  r u n  
a t  high and low dynamic p r e s s u r e s  for  each  Mach number.  
numbers ,  based  on the maximum model  d i ame te r ,  ranged f r o m  0.31 x 10 6 
to 3 .  56 x 10 6 with the 0.050-scale command module and from 0. 36 x 10 6 to 
5.28 x 10 

Reynolds 

6 with the 0.059-scale  LEV. 

- 1 -  
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I. DISCUSSION 

The p r i m a r y  object ives  of these t e s t s  were  to evaluate the dynamic 
stabil i ty c h a r a c t e r i s t i c s  of the LEV ( F i g u r e s  1 and 2 )  and command module 
( F i g u r e  3 )  configurat ions a t  l a rge  osci l la t ion ampli tudes about the i r  r e s p e c  - 
t ive  trim angles  and to  de te rmine  the effects  of command module s t r a k e s  
and center  of grav i ty  posit ion at supersonic  speeds.  

Severa l  techniques a r e  cur ren t ly  available for  obtaining dynamic 
s tabi l i ty  der iva t ives  of models  i n  wind tunnels. This t e s t  was conducted 
us ing  the f r e e  osci l la t ion technique i n  which damping-in-pitch der iva t ives  
w e r e  computed f r o m  angle of a t tack  v e r s u s  t ime h i s to ry  r e c o r d s  of the 
mode l s  a s  they osci l la ted f r ee ly  in  pitch nea r  proposed trim a t t i tudes ,  

Two dis t inct  l a r g e  amplitude (*20 degrees )  f r e e  osci l la t ion balance 
Each  s y s t e m s  w e r e  used  in  the p re sen t  t e s t  p r o g r a m  (F igures  4 and 5). 

w a s  equipped with a displacing-releasing mechanism which allowed the 
model  to be r e l e a s e d  a t  any in te rmedia te  angle of a t tack,  The angular  
t r a n s d u c e r s  u sed  with each  sys tem w e r e  of the var iab le  re luc tance  type 
which produce a n  analog s ignal  proport ional  to the angular  displacement  
of the model  ye t  r equ i r e  no physical  connection between the moving and 
s ta t ionary  p a r t s  of the balance.  

The mechanica l  bear ing balance sys t em (F igure  6)  which was  used  
with a l l  L E V  configurations was  designed and constructed by NAA and 
provided a pivot consisting of two instrument- type bal l  bear ings  which w e r e  
each  capable of supporting a 250 pound rad ia l  load. 
mechan i sm consis ted of two automated s e r v o s  to posit ion and r e l e a s e  the 
model  and a th i rd  s e r v o  which was used  to a r r e s t  the model motion. When 
the top s l ide plate  was  moved to the forward  posit ion,  the bottom sl ide 
p la te  and a s soc ia t ed  r a c k  gear  was  dr iven  f o r e  o r  aft to posit ion the model.  
A model  r e l e a s e  was  obtained by activating a s e r v o  to move the top slide 
p ia te  to the r e t r a c t e d  posit ion,  thus disengaging the dr ive  g e a r  and gea r  
plate .  The th i rd  s e r v o ,  which activated the cam,  was  used  to a r r e s t  the 
model  should a divergent  osci l la t ion have occur red  and to posit ion the 
model  to re -engage  the gea r s .  

The model  displacing 

The b a s i c  gas  bear ing balance sys tem (F igure  7)  which was  used  with 
a l l  command module en t ry  configurations was  provided by AEDC and 
cons is ted  of a cyl indrical ,  gas  journal  bear ing with inherent  or i f ice  com-  
pensation. The balance displacement  mechanism,  as  provided by NAA, 

I.* 
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consis ted of a manually opera ted  s y s t e m  of two f lex shaf ts  a t tached to 
push-pull  rods  which w e r e  re ta ined  i n  buckets located on the model  s ec to r .  
When the model  was posit ioned a t  the d e s i r e d  angle ,  it was  locked i n  p lace  
by the b rake  and the f l ex  shaf ts  w e r e  r e t r ac t ed .  
the b rake  could be used  to a r r e s t  the model  and re -engage  the f l ex  shaf ts .  

After  re leas ing  the model ,  

Plot ted and tabulated data a r e  p re sen ted  i n  Appendixes A and B i n  the 
f o r m  of damping-in-pitch coefficients (Cmq t Cmb). 

- 4 -  - 
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II. COMMAND MODULE AND LAUNCH ESCAPE VEHICLE MODELS 

MODEL NOMENCLATURE 

Symbol 

E63 

T2 7 

'4 I. 

L28 

c2 

Description 

Total L E V  configuration 
(with s t r a k e s )  

Escape  motor  
(length = 279.61 i n . ,  
3 4 "  f l a r ed  sk i r t )  

Tower s t ruc tu re  
(length = 114.63 in. ) 

Command module 
(maximum diameter  = 
154 in. , apex a l t e r e d  
to co r rec t ly  position 
balance)  

Spoiler o r  s t r ake  

Command module 
(maximum diameter  = 
154 in. 

Drawing No. 

7121 -01 12 1 

7121 -01 12 1 

712 1-01 12 1 
712 1-01075 

712 1-01 12 1 

712 1-01 12 1 
712 1-01 122 

7 12 1-0 1122 

Figure  No. 

8 

9 

10 

11 

11 

12 

MODEL DESCRIPTIONS 

The FD-5 models  consis ted of a 0 .050-scale  command module en t ry  
vehicle  and a 
sys t em.  These models  w e r e  constructed of lightweight m a t e r i a l s ,  to 
r educe  the moment-of - ine r t i a ,  whenever consis tent  with the s t r u c t u r a l  
integri ty .  
(7075-T6),  the escape  tower was cons t ruc ted  of A r m c o  s t ee l  (17-4PH CRES), 
and  the e scape  rocke t  was  constructed of a luminum al loy (7075-T6) and 
magnes ium alloy (QQ-M-3 1). 
module s t r a k e s  of a luminum alloy (7075-T6). 

0.05Y-scaie command module with aitaciled lauiieh ~ S C S F S  

The command modules w e r e  cons t ruc ted  of a luminum alloy 

All  configurations had removable  command 

- 5 -  4 m B W l d b  
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N O R T H  A M  

The en t ry  model had a sting s lo t  cutout to  allow a f r e e  osci l la t ion of 
*10 degrees  f rom i t s  neu t r a l  posit ion ( c y  = 147 d e g r e e s ) ,  but th i s  s lot  was  
enlarged a t  AEDC to obtain l a r g e r  osci l la t ions (approximately *15 degrees ) .  
A cable operated manual  lock-out and positioning s y s t e m  was  incorpora ted  
in  the gas-bear ing mounting bracket .  This sys t em employed a b rake  shoe 
device for stopping and locking the model ,  and a flex-shaft  push rod  device 
for  positioning the model to a prede termined  angle  of attack. 
of the sec to r ,  on which the b rake  shoe engaged to s top and lock the model ,  
p re sen ted  model balancing problems;  t he re fo re ,  a new sec to r  w a s  con- 
s t ruc t ed  of magnesium alloy j u s t  p r i o r  to testing ( F i g u r e s  13 and 14). 

The weight 

The apex of the command module for  the L E V  configuration was  
modified within the confines of the tower legs  to allow the osci l la t ion center  
of the balance to be co r rec t ly  posit ioned on the different  cen ter  of grav i ty  
locations.  This model locked out i n  i t s  neu t r a l  posit ion at 0 deg ree  angle 
of a t tack  and the st ing s lot  cutout allowed a f r e e  osci l la t ion of *20 deg rees  
f r o m  this  position. The model lock-out and positioning s y s t e m  was  i n c o r -  
pora ted  in the ball-bearing mount and bracke t  a s sembly  and w a s  actuated 
by dr ive  moto r s  located on the af t  st ing adapter .  This s y s t e m  employed a 
r ack -gea r ,  spur -gear  positioning device and a 90 degree  rotat ion cam and 
guide for  snubbing the model  and locking i t  i n  i t s  neu t r a l  posit ion ( F i g u r e s  
15 and 16). 

All  configurations w e r e  dynamically balanced a t  AEDC. The L E V  
configurations were  balanced f o r  t h ree  avai lable  osci l la t ion c e n t e r s  and 
the cornv.and module configurations w e r e  balanced fo r  two avai labie  
osci l la t ion centers .  

Model moments  of i ne r t i a  for  the Apollo FD-5 configurations tes ted 
a r e  l i s ted  below: 

0.059-Scale Launch Escape  Vehicle 

S t r akes  

On 

Off 

Off 

Off 

Center  of Gravi ty  

Design 

De s ign 

Al te rna te  

Center- l ine 

- 6 -  

Moment  of Iner t ia  
I (Slug - ft2) 

0 .0606 

0.0640 

0.0499 

0.0440 

Inh.lrlYlrrral 
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St rakes  

On 

Off 

Off 

0 0 50 -Scale Command Module 

Center  of Gravi ty  

De sign 

De sign 

A1 t e r na t e 

F U L L  SCALE DIMENSIONS 

Escape  Motor ,  E b 3  

Total  length 
Diameter  
Nose r ad ius  
Nose included angle 
Skirt base  d iameter  
Skirt flare angle 
Diamete r  of  r ing fo rward  of s k i r t  
Rocket  nozzles  (4), distance apex  f r o m  base  
Je t t i son  nozzles  (2) ,  dis tance apex  f r o m  nose  

Tower,  Tz3 

Moment  of Iner t ia  
I (Slug - ft2) 

0.0661 

0.0705 

0.0507 

Total  length 
Diamete r  of longitudinal m e m b e r s  (4) 
D iame te r  of c r o s s  b r a c e s  (lower 4) 
Diamete r  of c r o s s  b r a c e s  (upper 4) 
Diameter  of diagonal b races  (20) 
C i rcu la r  t r u s s :  

D iame te r  of m a t e r i a l  
D iame te r  of c i r c l e  

Horizontal  plane 
Distance between a t tach  points a t  command module: 

279.61 in. 
26.00 in. 

2.00 in. 
30.00 deg 
52.73 in. 
34.00 deg 
29.00 in. 
17.97 in. 
76. 15 in. 

114.63 in. 
3.51 in. 
3.51 in. 
2.51 in.  
2.51 in. 

2.51 in. 
23.00 in.  

50.66 in. 
Ver t ica l  plane 

Di s t ance  between 
46.85 in. 
36.07 in.  a t tach  points a t  base  of rocke t  

Command Module, C2 

Maximum d iame te r  
Radius  of sphe r i ca l  blunt end 
Corne r  rad ius  

154.00 in. 
184.80 in. 

7.70 in. 

- 7 -  - 
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Nose cone ver tex  half-angle 
Nose cone ver tex  r ad ius  
Fronta l  a r e a  

W 

Command Module, C41 

Same as C2 except that  the ve r t ex  a r e a  within the 
confines of the tower s t r u c t u r e  h a s  been a l t e r e d  to 
accommodate the AEDC bal l -bear ing pivot. 

Spoi le rs  o r  S t r akes ,  L28 

L. E. location, a f t  of command module apex 
T. E. location, a f t  of command module apex 
Length along module su r face  
Maximum height above module 
Thickness  

CENTER O F  GRAVITY LOCATIONS 

Configuration 1 Design 

97.36 
8. 74 

Launch escape (2) 32.05 
( E )  1 5.69 

33.00 deg 
9. 15 in ,  

129.35 ft2 

, 

29.27 in.  
109.24 in.  

95. 36 in.  
12.00 in.  

1. 58 in.  

Al te rna te  I Center l ine 

105.60 
9.08 

48.63 
6.80 

3 2 . 0 5  
0 . 0 0  

Note: Z = longitudinal d i s tance  f r o m  command module apex to the 

Z = ver t ica l  dis tance f r o m  command module ax i s  to the center  
center  of grav i ty ,  - inches 

of gravi ty ,  inches 

0 
- 8 -  - 
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III. TEST PROCEDURE 

TEST NOMENCLATURE 

A 

Cm 

Cm 
q 

c *  
m a  

cYR 

d 

f 

I 

a n  

M, 

Me 
Mi 

M i  

Re 

t 

Reference  a r e a  (based on max imum model  d i ame te r ) ,  f t 2  

Pitching-moment coefficient,  pitching moment/q,-Ad 

Damping-in-pitch der iva t ives ,  1 / r a d  1 aCm/a(qd/2V,)  

a Cm / a ( d/  2 V, ) 

Cycles to damp to a given amplitude r a t io  R, cycles  

Refe rence  length (maximum model  d i ame te r ) ,  f t  

Frequency  of osci l la t ion,  cyc le s /  s e c  

2 Model moment  of i ne r t i a  about the pivot a x i s ,  slug-ft  

Na tur  a1 lo  gar  i t hm 

F r e e - s t r e a m  Mach number 

Angular res tor ing  moment  p a r a m e t e r ,  f t - l b / r ad  

Angular viscous damping moment  p a r a m e t e r ,  f t - lb  s e c  

Aerodynamic angular viscous damping moment  p a r a m e t e r ,  
f t - lb  s e c  

r a d  

r a d  

Pitching velocity, r a d /  s e c  

F r e e  - s t r  e a m  dynamic p r e s  su r  e,  lb /  f t  2 

Ratio of the amplitude of a. damped osci l la t ion a f t e r  a 
given number of cyc les  to the ini t ia l  amplitude 

Reynolds number based  on maximum model  d iameter  

Time,  s e c  

- 9 -  &4twawb 
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P 
*-- *ry 

a T  

a 

0 

e .. 
9 

od/2V' 

SUBSCRIPTS 

0 

S 

W 

F r e e - s t r e a m  velocity,  f t / s e c  

Angle of a t tack ,  r a d  o r  deg 

T r i m  angle ,  deg 

Time r a t e  of change of angle  of a t tack ,  r a d / s e c  

Angular displacement  f r o m  t r i m  angle ,  r a d  o r  deg 

Angular velocity,  r a d / s e c  

Angular acce le ra t ion ,  r a d /  s e c  

Angular f requency,  r a d /  s e c  

Reduced frequency p a r a m e t e r ,  r a d  

2 

Maximum conditions 

S t ruc tu ra l  conditions 

Wind-on conditions 

MODEL INSTALLATION 

The command module configurations w e r e  ins ta l led  on the AEDC 
st ing-supported gas  -bear ing pivot incorpora t ing  an  in t eg ra l  angular  t r a n s  - 
ducer .  
to  accept  the b racke t  w e r e  furn ished  by NAA. 
at tached to the AEDC adapter  3301525 B which w a s  modified to accommodate  
the model  lock-out and positioning devices .  

The g a s  -bear ing  mounting b racke t  and an  in t e rmed ia t e  st ing sect ion 
This  s t ing sect ion in  tu rn  

The LEV configurations w e r e  ins ta l led  on the NAA bal l -bear ing pivot 
and bracke t  a s sembly .  
above sting a r r a n g e m e n t  ( F i g u r e  17). 

This  in  t u r n  adapted to the tunnel A sec to r  via the 

F o r  the command module,  cab les  w e r e  used  to manual ly  posi t ion,  
r e l e a s e ,  and lock-out the model .  
positioning s y s t e m  ac tua ted  v ia  dr ive  m o t o r s  mounted on the a f t  st ing 
sect ion (AEDC adapter  3301525 B). 

The LEV had a n  au tomat ic  lock-out and 

- 10 - -NTIAL 
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INSTRUMENTATION 

Instrumentat ion consis ted p r imar i ly  of var iab le  re luc tance  angular  
t r ansduce r s  incorpora ted  i n  the gas -bear ing and bal l -bear ing pivot mounts.  
These t r ansduce r s  gave a continuous t ime h i s to ry  of the models  osc i l la tory  
motion a s  an  analog signal.  
f i e r )  and r eco rded  on magnet ic  tape (Ampex 7-channel tape r e c o r d e r ) .  
s ignal  was  s imultaneously fed to a d i rec t -wr i t ing  osc i l lograph  (Vis icorder )  
to provide a means  of monitoring the motion of the model and for  u se  a s  a 
back-up data sys t em.  

This s ignal  was  ampl i f ied  (CEC c a r r i e r  ampl i -  
This  

The displacing and lock-out mechan i sms  f o r  the LEV model  w e r e  
ins t rumented  with monitoring devices s ince they w e r e  remote ly  actuated 
through dr ive  moto r s .  

Schl ieren motion p i c tu re s  were  taken and a r e  on f i le ,  but because of 
the complexi t ies  involved in  switching c a m e r a s  no sch l ie ren  stills w e r e  
taken. 

DATA REDUCTION AND CONSTANTS 

With the f r e e  osci l la t ion technique the ex terna l  r e s to r ing  moment 
(balance t a r e  damping) can be minimized o r  a l m o s t  e l imina ted  depending on 
the type of pivot employed. A gas bear ing  is  pa r t i cu la r ly  des i reable  s ince 
i t s  t a r e  damping can be considered negligible. This  type pivot was  used  in  
the command module but could not be  used  i n  the launch e scape  vehicle due 
to the space  r e s t r i c t i o n s  imposed by the model  at the pivot axis location. 

0 

The equation of motion for  a f r e e  osci l la t ion,  one-degree-of-freedom 
s y s t e m  may be e x p r e s s e d  as: 

~ e -  ~ 6 8  - = o 

The method for  computing the dimensionless  damping-in-pitch der ivat ives  
f r o m  the f r e e  osci l la t ion t e s t s  i s  indicated as  follows: 

21 f i n  R 
C M i  = 
YR 

M e '  = Mew - M e s  

cm t c,. = M i '  2 Va/q,Ad2 
9 a 

- 11 - 
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Configuration Scale  Diameter  (d)  f t  

Command module 0.050 0.6417 

0.7572 L E V  0.059 

I C A N  A V I A T I O N .  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

A r e a  (A) ft2 

0.3234 

0.4503 

The preceding l inear  theory can  be applied to a non-l inear  s y s t e m ,  such 
a s  the s y s t e m s  encountered in  the p r e s e n t  t e s t s ,  when the data  a r e  reduced  
over  a n  amplitude range  for  which the motion can be approximated as  being 
exponentially damped and where  the frequency r e m a i n s  approximate ly  
constant.  

The t e s t  procedure w a s  to displace the model  f r o m  i t s  t r i m  at t i tude to 
the d e s i r e d  angle of a t tack and r e l e a s e  it. 
provided by the aforementioned angular  t r ansduce r  was  r e c o r d e d  on a d i r e c t  
wr i t ing  osci l lograph and on magnet ic  tape by a high speed  digital  conver te r .  
Data was  reduced f r o m  the magnet ic  tape on an  IBM 7070 computer  by a f r e e -  
osci l la t ion data  reduction p rogram.  

The resul t ing osc i l la tory  s ignal  

The osci l lograph t r a c e s  which descr ibed  the osc i l l a to ry  motion of the 
command module indicated that  both the motion and the damping w e r e  s y m -  
m e t r i c a l  about the t r i m  attitude. 

The motion of the launch e scape  vehicle  was  unsymmet r i ca l  about the 

The damping coefficient ( M i  I )  var i ed  with frequency 
t r i m  at t i tude and  deviated considerably f r o m  the damped motion desc r ibed  
by the first equation. 
and  the oscil lation ampli tude was  unsymmetr ica l ;  i. e . ,  the envelope cu rves  
of the posit ive and negative peaks had  different var ia t ions  with time. 
There fo re ,  a data reduct ion p rocedure  was developed so tha t  values  of 
damping could be obtained f r o m  the envelope curve  of the posi t ive and 
negat ive peaks independently. 

The angular t r a n s d u c e r s  for  each balance w e r e  ca l ibra ted  by AEDC 
personnel  during bench t e s t s  both before  and a f t e r  each  tunnel t e s t  pe r iod ,  
and check calibrations w e r e  made per iodical ly  during the r u n s  to de t e rmine  
i f  any changes in ca l ibra t ion  f ac to r s  had occur red .  
w e r e  obtained through u s e  of known d isp lacements .  
w e r e  known within *O. 5 pe rcen t  of the max imum value of the r ange  through 
which the pa rame te r  was  cal ibrated.  

T ransduce r  ca l ibra t ions  
Model d i sp lacements  

The bal l  bearing balance used  with the L E V  model  w a s  ca l ibra ted  to 
This  t a r e  damping w a s  found obtain values  of b a l l  bear ing  t a r e  damping. 

to  v a r y  with radial  load,  f requency  of osc i l la t ion ,  and ampli tude;  t h e r e f o r e ,  

- 12 - -L 
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*- - 
to obtain values  of aerodynamic  damping for  the launch e scape  vehicle ,  the 
t a r e  damping va lues  w e r e  co r rec t ed  to the wind-on conditions before  sub- 
t rac t ing  them f r o m  the total  values.  
module data for  t a r e  damping because of the negligible leve l  of the g a s  
bea r ing  damping. 

0 
It w a s  not n e c e s s a r y  to  c o r r e c t  command 

Considering the above uncertaint ies  in  each  s y s t e m ,  the e s t ima ted  
max imum uncer ta in t ies  in  Cm 
and *O. 50 fo r  the launch e scape  vehicle. 

t Cmh a r e  *O. 12 f o r  the command module q 

- 13 - - 
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. .  
N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  

Figure  1. Launch Escape  Vehicle Configuration (E63 T 2 7  C41 L28) 
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F i g u r e  13. Model Assembly,  Command Module 
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Figure  14. Command Module Sting and Balance Assembly  
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APPENDIX A 
PLOTTED DATA 

Damping-in-pitch v e r s u s  amplitude of osci l la t ion 

(Cmq f Cma vs  0 )  

COMMAND MODULE ENTRY CHARACTERISTICS 

Design center of gravi ty ,  s t r akes  on (M = 1 .  5, 2. 0, 3 .  0, 4. 0, 6. 0 )  

Design center  of gravity,  s t r a k e s  off (M = 1. 5, 2 .0 )  

Alternate  center  of gravity,  s t r a k e s  off (M = 3 .  0 )  

LAUNCH ESCAPE VEHICLE CHARACTERISTICS 

Design center of gravi ty ,  s t r akes  on (M = 1.5,  2 .0 ,  3 .0 ,  4 . 0 )  

Design center of gravi ty ,  s t r akes  off (M = 1. 5, 2 .0 ,  3 .0 )  

Alternate  center  of gravity,  s t r a k e s  off (M = 2. 0 ,  3 .  0, 4. 0 )  

Center- l ine cen te r  of gravity, s t r a k e s  off (M = 1. 5, 2. 0, 3 .  0 )  

- 39 - 
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_I 

M, R e x  lom6 a+, DEG "d/2V,, RAD - RUN - 0 1.49 2.00 146 0.0145 5 
0 1 . 4 8  0.61 148 0.0078 6 

v, LqY / 

-2 

0 

0 2 . 0 0  2 .11  145 0.0095 4 
1 Ah 0.0049 3 

0 3.00 2.52 147 0.0081 2 

.E( 
E 
V + 
U 
E 
V 

147 0.0052 9 
146.5 0.0021 8 

0 4 . 0 0  1.80 
n 2  99 0.31 - - . . .  

-2 

0 

0 6 . 0 0  3.56 144 0.0052 1 1  
144 0.0022 10 

- 2  

0 

AMPLITUDE OF OSCILLATION, _f e DEGREE 

Command Module Design Center  of Gravity,  With S t r akes  

a 

a 

- 40 - -L 
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M, R e x  a,, DEG wd/2Vm, RAD RUN 

1.49 3.15 
- - 

13 0.0133 143 

-2 

0 

-U  
E 
U + 

0- 
E 
U 

- 2  

0 

2.00 3.26 138 0.0077 12 

0 2 4 6 8 10 

AMPLITUDE OF OSCILLATION, 2 e DEGREE 

12 14 

Command Module Design Center  of Gravity,  Without S t rakes  

Ma Rex at, DEG wd/2Vm, RAD RUN - - 
14 
15 

0.0098 
0.0038 

148 0 3.00 2.40 
0 2.99 0.38 144 

-2  
*U 
E 
U 
-k 

E 
u o  

0- 

0 2 4 6 8 10 

AMPLITUDE OF OSCILLATION, 2 e DEGREE 

Command Module Alternate  Center  of Gravity,  .. , ..L 

- 41 - 
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M, Rex at' DEG wd/2V,, RAD RUN - - 
0 1.50 3.32 2.49 0.0157 21 

20 0 1.49 0.55 1 .E7 0.0056 

Cm, + C m &  

-4 

0 

0 2.00 3.49 1.70 0.0130 18 
0 1.99 0.59 2.00 0.0053 19 

-4 

0 

0 3.00 5.19 3.53 0.0100 17 
0 2.99 0.46 4.84 0.0030 16 

-4 

0 

0 4.00 4.97 3.63 0.0084 23 
0 3.99 0.36 3.77 0.0022 22 

-4 

0 
- 

LEV Design Center  of Gravity,  With Strakes - - 42 - 
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APPENDIX B 
TABULATED DATA 

RUN INDEX 

Run 
No. 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
1 3  
14 
15  
16 
17  
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
3 3  
34 
35 
36 
37 

Configuration 

Command module 

Command module 

Command module 

L E V  

L E V  

L E V  

L E V  

St rakes  

On 

Off 

Off 

On 

Off 

Off 

Off 

Center  of 
Gravity 

De s ign 

De s ign  

Alternate  

De s ign 

A1 te r na te 

De s ign 

;enter Line 

- 47 - 

Mach 
Number 

2 .99  
3. 00 
1 .99  
2. 00  
1 . 4 9  
1. 48 
3. 99 
4 .00  
5. 9 8  
6. 00 
2 .00  
1 .49  
3. 00 
2. 99 
2. 99 
3. 00 
2.00 
1 . 9 9  
1 . 4 9  
1. 50 
3. 99 
4 . 0 0  
1 . 9 9  
2. 00 
3. 00 
2 .99  
4 .00  
3. 99 
1. 50 
2. 00 
3. 00 
2 .99  
2. 99 
3. 00 
2. 00 
1. 50 

-6  Re x 10 

0 . 5 3  
2. 52 
0. 54 
2 .11  
2.  00 
0.  61 
0.  31 
1. 80 
0. 75 
3. 56 
3. 26 
3. 15  
2. 40 
0. 38 
0.  46 
5. 19 
3.49 
0. 59 
0. 55 
3. 32 
0. 36 
4 . 9 7  
0. 65 
3. 56 
5. 26 
0. 50 
5. 07 
0. 42 
3. 30 
3. 56 
5. 26 
0. 48 
0 .49  
5. 28  
3. 55 
3. 40 

Page  

49 
49 
49 
49 
50 
50 
50 
51 
52 
52 
54 
54 
55 
55 
56 
56 
57 
58 
59 
60 
62 
63 
65 
65 
65 
65 
66 
66 
68 
69 
70 
70 
73 
74 
74 
75 
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DATA FORMAT 

Item o r  
Column Heading 

a 

e 

w 

oc 

Cm 

d 

f 

MOO 

q 

q a  

Re / f t  

S 

VGfJ 

aT 

I2T 

Definition 

a Cm / a (qd/  2Vco ) t a Crn / a (&d/ 2v00 ) 

Pitching moment/qao Sd 

Model r e fe rence  length (base  d i a m e t e r ) ,  f t  

Frequency  of osci l la t ion,  c y c / s e c  

F r e e - s t r e a m  Mach number  

Pitching velocity, f t /  s e c  

Fr e e - s  t r e a m  dynamic p r e s  s u r  e, l b / f t 2  

Unit Reynolds number ,  l / f t  

B a s e  a r e a ,  f t 2  

F r e e - s t r  eam velocity,  f t /  s e c  

Model trim angle,  deg ree  

T ime  r a t e  of change of angle  of a t tack,  r a d / s e c  

Model osci l la t ion ampli tude about the trim angle,  
d e g r e e  

Model angular  f requency,  r a d / s e c  

Reduced frequency p a r a m e t e r ,  r a d  

BASE DIAMETER (d, f ee t )  

Launch escape  sys t em 0. 7572 

Command module 0.6417 

I 
- 48 
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- c y '  ' 

Command Module, Design Cen te r  of Gravity,  With Strakes 

VCO 

ft/ sec 

Z036.2 

2030.76 

1682.35 

1685. 5C 

~ 

lb/ft2 

99.59c 

510.20 

168.38 

646.80 

Ma, 
- 

- 
2.99 

3. oa 

1.94 

2. oc 

- 

Re / f t  

, lo-6 
Unit 

<e ynol d E 
Number 

0.829 

3.918 

0.853 

3 . 2 9  

f 

yc/sec 

3.04 
3 .03  
3 .03  
3.04 
3.03 
3.04 
3 .03  
3 .04  
3.04 
3 .03  
3.04 
3 .03  
3 .03  
8.190 
8.205 
8.190 
8.205 
8. 190 
8.205 
8.190 
8.205 
4 .16  
4 .18  
4 .14  
4 .14  
4 .10  
4.08 
4.04 
4 .08  
4 .04  
4.07 
4.05 
8.08 
8 .04  
7 . 9 6  
7 .98 

C m q  t 
C m  & 
x(- 1) 

l / r a d  

0.402 
0 .381  
0.387 
0.399 
0.393 
0.396 
0.418 
0.384 
0.412 
0.448 
0.436 
0.433 
0.433 
0.3839 
0.3929 
0.3749 
0.3954 
0.3959 
0.3859 
0.3809 
0.3899 
0.402 
0 .426  
0.401 
0.422 
0.401 
0.413 
0.414 
0.429 
0.470 
0.472 
0 .  518 
0 .371  
0.369 
0.409 
0.411 

e 

f deg 

~~ 

9 . 9 1  
9.88 
7.57 
7.54 
5.77 
5.69 
4.32 
4.32 
3 .25  
3. 17 
2.39 
2.31 
1.67 
7 .05  
6.73 
5. 30 
5.04 
4.00 
3.77 
3.01 
2.81 

LO. 72 
9.74 
7 .95  
7.10 
5. 88 
5.20 
4.31 
3.77 
3.23 
2.68 
2 .  51 
7.  56 
7. 51 
4.34 
4.31 

w d /  2Vco 

r a d  

0.00300 
0.00299 
0.00299 
0.00300 
0.00299 
0.00300 
0.00299 
0.00300 
0.00300 
0.00299 
0.00300 
0.00299 
0.00299 
0.00813 
0.008 14 
0.008 13 
0.008 14 
0.00813 
0.008 14 
0.00813 
0.00814 
0.00498 
0.00500 
0.00496 
0.00496 
0.0049 1 
0.00488 
0.00484 
0.00488 
0.00484 
0.00487 
0.00485 
0.00966 
0.00961 
0.00952 
0.00943 
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1 

2.77 
2.35 
6.32 1 
6.034 
5.484 
4.859 
4 .761  
4.436 
4.412 
4.030 
4.014 
3.586 
3.559 
3.169 
3.096 
2.904 
6.988 
6.500 
6. 151 
5.818 
5.460 
5.168 
4 .875  
4 .583  
4 .258  
3.933 
3.640 
3.356 
3.076 
2.800 
2.  527 
2.260 
2.036 
.5.38 
.5 .35 
.4.36 

Command  Module, Design Center  of Gravity, With Strakes (Cont) 

0.00934 
0.00914 
0 .0  1439 
0.01442 
0.01441 
0 .0  1445 
0.01449 
0 .0  1456 
0.01451 
0.01453 
0 .0  1462 
0.01456 
0 .0  1466 
0 .0  1458 
0 - 0  1468 
0.01461 
0.00782 
0.00782 
0.00783 
0.00783 
0.00783 
0.00783 
0.00783 
0.00782 
0.00780 
0.00779 
0.00777 
0.00776 
0.00774 
0.00773 

0.00210 

f t /  sec 

1685.50 

1401.93 

1394.12 

2224.07 

lb/ft2 

546.80 

518.48 

187.57 

54.085 

MQ 

- 
2.00 

1.49 

1.48 

3.99 

- 

R e  / f t  

, lo-6 
Unit 

.e ynol dz 
Number 

3.29 

3.11 

0.949 

0.478 

f 

yc/  sec 

7.81 
7.65 

10.01 
10.03 
10.02 
10.05 
10.08 
10.13 
10.09 
10.11 
10.17 
10.13 
10.20 
10.14 
10.21 
10.16 
5.41 
5.41 
5.42 
5.42 
5.42 
5.42 
5.42 
5.41 
5.40 
5.39 
5.38 
5.37 
5.36 
5.35 

2.32 

0.450 
0.503 
0.719 
0.543 
0.598 
0.470 
0.513 
0.622 
0.427 
0.478 
0.539 
0. 566 
0.590 
0.496 
0.668 
0.315 
0.371 
0.399 
0.454 
0.491 
0.428 
0.452 
0.480 
0.509 
0.608 
0.592 
0.639 
0.633 
0.699 
0.860 
0.840 
0.847 
0.865 
0.290 
0.253 
0.253 

f deg r a d  

- 50 - 
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Command  Module, Design Center  of Gravity,  W i t h  Strakes (Cont) 

Va, 

f t /  sec 

2224.07 

1233.56 

903 

lb/ft2 

54.085 

19.71 

- 
Ma, 
- 

- 
3.94 

4.00 

- 

Re / f t  

,lo-6 
Unit 

<e ynold: 
Number 

0.478 

2.80 

f 

yc/ sec 

2.32 

2.352 

5.78 

Cmq t 
Crn ;u 
x(-1) 

l / rad  

0.272 
0 .290  
0.278 
0 ;278  
0.290 
0.247 
0.272 
0.278 
0.259 
0.259 
0 .266  
0.303 
0.290 
0 .284  
0.272 
0.309 
0.284 
0.315 
0.303 
0.309 
0.290 
0.327 
0.309 
0.296 
0.296 
0.284 
0.303 
0.290 
0.284 
0.253 
0.296 
0.266 
0.326 
0.320 
0.320 
0 .328  

e 

f deg 

14.34 
13.16 
12.89 
11.80 
11.77 
LO. 64 
LO. 55 
9.59 
9. 50 
8.62 
8. 55 
7.71 
7.65 
6.87 
6.83 
6.10 
6.10 
5.41 
5.40 
4.77 
4 . 7 1  
4.22 
4.21 
3.70 
3 . 7 0  
3.27 
3.26 
2.88 
2.86 
2.58 
2.51 
2.22 

12.29 
12.20 
LO. 72 
LO. 43 

w d/ 2Vm 

r a d  

0.002 10 

0.002 12 

0.0052 1 

, .*r*.l. - 51 - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

5 

10 

Command Module, Design Center  of Gravity,  With S t r akes  (Cont) 

2434.21 

Va 

11 

!233.56 

2423.40 
2434.2 1 
2423.40 
2434.2 1 
2423.40 
2434.2 1 
2423.40 
2434.2 1 
2423.40 
2434.2 1 
2423.40 
2434.2 1 
2423.40 
2434.21 
2423.40 
2434.2 1 
2434.2 1 
2434.21 
2605.02 

9a 

lb / f t2  

'19 .  71  

69.898 

i l l .  38 

Ma, 

- 
c .  oc 

5 .  9E 

6. o(  

- 

R e / f t  

,lo-6 
Unit 

.e yno 1 d E 

%umber  
-, 

2.80 

1.182 
1.201 
1.182 
1.201 
1.182 
1.201 
1.182 
1.201 
1.182 
1.201 
1.182 
1.201 
1.182 
1.201 
1.182 
1.201 
1.182 
1.182 
1.182 
5.555 

f 

yc/ sec 

~~ ~ 

5.78 

2.675 
2.675 
2.71 
2.714 
2.73 
2.736 
2.74 
2.766 
2 .75  
2.764 
2.76 
2.754 
2.77 
2.754 
2.77 
2.778 
2.77 
2.77 
2.77 

6.73 
6 .75  
6.76 

6.71 

- 52 - 

Cmq t 
Cm ir 
x(-1) 

l / r a d  

0,326 
0.323 
0.323 
0.323 
0.327 
0.323 
0.330 
0.326 
0.323 
0.327 
0.330 
0.319 
0.326 
0.327 
0.277 
0.255 
0.303 
0.249 
0.303 
0.265 
0.293 
0.260 
0.272 
0.244 
0.298 
0.280 
0.293 
0.286 
0.282 
0.296 
0.312 
0 ,272  
.O. 282 
0.346 
0.231 
0.342 
0.352 - 

e 

k deg 

3.86 
3.70 
7.26 
6.83 
5.69 
5.36 
2.45 
4.20 
3.47 
3.29 
2.72 
2. 58 
2 .  13 
2.03 
4.869 
3.43 
2.92 
1.09 
0.43 
9. 13 
8.39 
7.47 
6.73 
6. 14 
5.46 
5.01 
4. 51 
4.01 
3.88 
3. 18 
2.88 
2.46 
2.09 
2.30 
1.78 
9.26 
9.23 - 

r a d  

0.0052 1 

0.00222 
0.00222 
0.00224 
0.00225 
0.00226 
0.00227 
0.00227 
0.00229 
0.00228 
0.00229 
0.00229 
0.00228 
0.00229 
0.00228 
0.00229 
0.00230 
0.00229 
0.00229 
0.00229 
0.00519 
0.00520 
0.00522 
0.00523 

? 

0 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

4-b. .. * e-.. ..“yw 

Command  Module, Design Center of Gravity,  W i t h  S t rakes  (Cont) 

- 
tun 
- 

- 
11 

VCO 
~ 

f t /  sec 

2605.0; 

lb/ft2 

411.38 6.00 

- 

Re / f t  

, lo-6 
Unit 

Le ynol d E 
Number 

5.555 

f 

yc /  s e c  

6.78 
6.83 
6.80 
6 . 7 9  
6.80 
6.83 
6.82 

Cmq t 
C m  2u 
x(-1) 

l / r a d  

0.334 
0.353 
0.344 
0.340 
0.345 
0.363 
0.346 

e 

f deg 

6.71 
6.  13 
4.68 
4.08 
3 .15  
2.70 
2.08 

w d/ 2Vm 

r a d  

0.00524 
0.00528 
0.00526 
0.00525 
0.00526 
0.00528 
0.00512 

I. . - 53 - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORhlATION S Y S T E M S  DIVISION 

Command Module, Design Center  of Gravity,  Without Strakes 

Va, 

f t /  sec 

688.74 

93 40 1 

lb / f t2  

644.22 

624.66 

Re / f t  

x10-6 
Unit 

.e ynolds 
Number 

3.262 

3. 148 

f 

yc/ sec 

6. 26 
6. 30 
6. 32 
6. 29 
6.43 
6. 55 
6. 50 
6. 53 
6. 55 
6. 53 
6. 62 
9 .24  

- 54 - 

C m q  t 
Cm ;Y 
x(- 1) 

l / r a d  

0.413 
0 .385  
0.364 
0.372 
0. 360 
0.387 
0 .363  
0 .345  
0 .374  
0.326 
0. 372 
1.713 
1.770 
1.990 
1.166 
1.089 
1.078 
1.493 
0.861 
0.992 
0.683 

e 

k deg 

LO.  73 
LO. 24 
8 . 2 4  
7.81 
6.40 
5.09 
4 .73  
3. 52 
3.34 
2.66 
2.22 
5.192 
5. 15: 
5.10: 
3.79t 
2.90t 
2.27: 
2.20' 
1 .80:  
1.75: 
1.48( 

rad 

~ ~ 

0.00747 
0.00752 
0.00754 
0.00751 
0.00767 
0.00782 
0.00775 
0.00779 
0.00782 
0.00779 
0. 00790 
0 .0  1328 

s. 

49€wwwL 
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Command Module, Alternate  Center  of Gravi ty ,  Without Strakes 

Va, 

f t /  sec 

:060.91 

!053. 13  

¶a, 

lb/ft2 

) l o .  20 

96. 10, 

Ma, - 

- 
3.00 

1.99 

- 

Re / f t  
6 x10- 

Unit 
.e ynol d E 
qumber 

3.743 

0.593 

- 
f 

yc/sec 

10.00 
- 

3.80 
3.80 
3. 78 
3.83 
3.82 
3.87 
3.84 
3.87 
3.87 
3.86 
3.89 
3.87 
3.88 
3.89 
3.87 
3. 90 
3. 91 
3.87 
3.91 
3. 91 
3.87 

3.3038 
3. 3064 
3.3009 
3. 3032 
3.3016 
3.3026 
3.3036 
3.295 
3.292 
3.305 
0.295 
0.273 
0.263 
0.279 
0.295 
0.282 
0.266 
0.289 
0.279 
0.279 
0.289 
0.273 
0.269 
0.285 
0.276 
0.266 
0.276 
0.266 

e 

= deg 

9. 16 
6.44 
6.44 
4. 52 
4.00 
2.83 
2.48 
3.943 
3.715 
2.708 
1.408 
1.310 
0.465 
8.515 
8.458 
7.800 
6.403 
6.240 
5.801 
4.794 
4.631 
4.339 
3.608 
3.422 
3.227 
2 .688  
2. 525 
2.519 

- 

- 

r )  d/ 2Va 

r a d  

0.00978 

0.00373 
0.00373 
0.00391 
0.00376 
0.00375 
0.00380 
0.00377 
0.00380 
0.00380 
0.00379 
0.00382 
0.00380 
0.0038 1 
0.00382 
0.00380 
0.00383 
0.00384 
0.00380 
0.00384 
0.00384 
0.00380 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION S Y S T E M S  DIVISION 

.. 

13.68 
12.72 
11.57 
10.82 
-9 .71  
-9. 17 
-8 .00  
-7 .59  

-6. 12 
-6.46 

-5 .31  
-5.  04 
-4 .49  
- 4 . 3 1  
-3 .86  
-3 .73  
-3 .44  
-3 .26  
12.62 
11.33 
10. 11 

9. 12 
8. 07 
7.37 
6.43 
5.96 
5 .23  
4. 90 
4.22 
3.76 
3 .51  
3 .33  

11.30 
11.27 
-8 .52  
- 8.44 

Launch Escape Vehicle, Design Center  of Gravity,  
W i t h  S t r akes  

0.002929 
0.002946 
0.002966 
0.00296 1 
0.002959 
0.002938 
0.002920 
0.002911 

0. 002976 
0.002953 

0. 003072 
0. 003098 
0.003184 
0. 003209 
0. 003297 
0.003311 
0. 003357 
0.003400 
0.002937 
0.002948 
0.002968 
0.002964 
0. 002952 
0. 002932 
0.002914 
0.002909 
0. 002971 
0.002994 
0.003109 
0. 003222 
0. 003305 
0. 003324 
0.009844 
0. 009892 
0.009890 
0.009909 

Va, 

f t /  sec 

,035. 8 

2 042 

lb/ft2 

7.125 

086. 7 

R e / f t  
6 x10- 

Uni t  
e ynol d s  
qumber 

0.6140 

6.853 

f 

yc/sec 

2. 51 
2. 52 
2.54 
2.53 
2.53 
2.51 
2 .50  
2.49 
2.53 
2.55 
2. 63  
2. 65 
2.73 
2.75 
2. 82 
2.83 
2. 87 
2. 91 
2.51 
2. 52 
2 .54  
2 .54  
2.53 
2.51 
2.49 
2 .49  
2 .54  
2. 56 
2.66 
2. 76 
2.83 
2 .84  
8 .45  
8.49 
8.49 
8. 51 

- 56 - 

Cmq t 
Cm i~ 

l / r a d  

-1.377 
- 1.366 
-1.392 
-1. 180 
-1. 372 
-1.233 
-1.555 
-1.490 
- 1. 540 
-1. 566 
-0.835 
-0.680 
-0.668 
-0.491 
-0.282 
-0.288 
to.  432 
-0.120 
-1.995 
- 1.982 
- 1.994 
-1.717 
-1. 790 
-1.580 
-1.625 
-1.320 
-0.874 
-0.807 
to. 035 
t o .  012 
to. 323 
to. 006 
-1.924 
-1. 878 
-2. 051 
-2. 179 

71 wd/2Va, 
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NORTI-! A M E R I C A N  A V I A T I O N .  INC.  SPACE and INFORhlATION SYSTEMS DIVISION 

4- 

' 0  
Launch Escape  Vehicle, Design Center  of Gravity,  

With S t r akes  (Cont) 

Va, 

f t /  s e c  

2 042 

1694. 8 

lb / f t2  

1086. 7 

919.8 

x10- - 

7 

3. 0 0  

2. oc 

- 

Unit  
Le y no 1 d c 
Number 

6.853 

4.604 

f 

y c l s e c  

8. 51 
8. 51 
9. 05 
8. 94 
9. 58 
9 .73  
8. 51 
8.47 
8. 50 
8.47 
8. 55 
8. 57 
9. 14 
9. 27 
9.66 
7. 98 
8. 02 
8. 82 
8. 86 
9 . 1 2  
9. 19 
9.35 
9. 41 
9.39 
9.42 
9. 38 
9* 43 
8. 23 
8. 26 
8. 93 
8. 96 
9.22 
9. 23 
9.42 
9.44 
9.43 

Cmq t 
Cm & 

l / r a d  

-2.362 
-2.438 
-2.804 
-2. 307 
-1. 859 
-1.255 
-2.355 
-2.326 
-2.503 
-2.645 
-1. 899 
-2.102 
-1.669 
-1.811 
- 1.499 
-1.628 
-1.547 
-1.110 
-1.258 
-1. 004 
-1. 158 
-1. 003 
-0.974 
-1. 187 
-0.993 
- 1.242 
-1; 1?2 
-2.304 
-2. 361 
-1.728 
-1.758 
-1.630 
-1.771 
-1.350 
-1. 058 
-1. 182 

-6.22 
-6. 08 
-4. 36 
-4.33 
-3.23 
-3.00 
LO. 17 
!O. 12 
7. 19 
7. 16 
5 .20  
5. 06 
4.00 
3. 81 
3. 19  

-6 .96  
-6. 90 
-5.62 
-5.55 
-4. 80 
-4.65 
-4. 14 
-3. 98 
-3.54 
-3.44 
-2.97 
- 2 , 9 4  
8 .40  
8. 30 
6.23 
6.12 
4.93 
4. 80 
3. 85 
3. 23 
3. 18 

w d /  2Vco 

r a d  

0.009915 
0.009914 
0.01054 
0.01042 
0.01116 
0. 01134 
0.009909 
0.009863 
0. 009897 
0.009872 
0. 009954 
0. 009980 
0. 01065 
0.01080 
0.01 126 
0.01 120 
0.01125 
0. 01238 
0. 01243 
0. 01280 
0.01290 
0. 01313 
0. 01320 
0. 01317 
0. 01322 
0.01317 
0.01324 
0. 01155 
0. 01 159 
0.01253 
0. 01258 
0.01294 
0.01296 
0.01322 
0. 01325 
0.01323 

- 57 - 
SID 64-1015 



SPACE and INFORMATION SYSTEhlS DlV1SIO.N N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  

Launch Escape  Vehicle, Design Center  of Gravi ty ,  
With S t r akes  (Cont) 

VCO 

ftl s e c  

694.8 

1686. 9 

lb / f t2  

?19. 8 

155.4 

R e / f t  

,lo-6 
Unit 

.e yno 1 ds 
Vumber 

L. 604 

3. 781 

f 

ycI s e c  

9.40 
9.42 
3 .11  
3 .21  
3. 52 
3.53 
3.69 
3.67 
3.78 
3.77 
3.83 
3. 82 
3. 87 
3. 87 
3. 91 
3. 91 
3.95 
3. 96 
3.97 
3.99 
3 .99  
4 .00  
3.99 
4 .00  
3. 15 
3. 17 
3. 50 
3. 56 
3.66 
3. 71 
3 .75  
3. 78 
3. 82 
3 .84  
3. 87 
3 .  87 

- 58 - 

Cmq t 
Cm & 

l / r a d  

-1.433 
-1.271 
-1.178 
-0.778 
-0.800 
-0.733 
-0.315 
-0.336 
-0.368 
-0.613 
-0.550 
-0.605 
-0.349 
-0.375 
-0.151 
-0.230 
-0.275 
-0.209 
-0.517 
-0.415 
-0.689 
-0.407 
-0.607 
-1. 027 
-2. 055 
-2.354 
- 1.504 
-1.354 
-0.705 
-0.961 
-0.934 
-0.556 
- 1. 056 
- 1.086 
-0.642 
-0.452 

e 

deg 

2. 80 
2 . 7 4  

-9.43 
-9.08 
-7.93 
-7.89 
-7.07 
-7. 05 
-6.46 
-6.36 
-5.82 
-5. 64  
-5.23 
-5.03 
-4.77 
-4.56 
-4. 14 
-3.95 
-3.70 
-3.55 
-3.23 
-3.15 
-2.79 
-2. 71 
12.87 
12.50 

9. 85 
9.45 
8 .28  
7 .94  
7. 24 
6 .96  
6. 19 
6. 06 
5 . 3 3  
5. 26 - 

r a d  

0. 01320 
0.01322 
0. 00439 
0. 00452 
0.. 00497 
0. 00497 
0. 00521 
0. 00518 
0. 00533 
0. 00531 
0. 00541 
0. 00539 
0. 00546 
0.00546 
0. 00551 
0. 00552 
0. 00557 
0. 00559 
0.00560 
0. 00562 
0. 00563 
0. 00564 
0. 00563 
0. 00564 
0. 00444 
0. 00447 
0. 00493 
0. 00501 
0. 00517 
0. 00523 
0. 00529 
0. 00534 
0. 00538 
0. 00542 
0. 00545 
0. 00546 

crt 

t 
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N O R T H  A M E R I C A N  A V I A T I O N .  I N C .  SPACE and INFORhlATION S Y S T E M S  lMVISION - 
Launch Escape  Vehicle, Design Center  of Gravi ty ,  

With Strakes (Cont) 

Va, 

f t /  s e c  

686.9 

,407.5 

¶a, 

lb/ f t 2  

155.4 

173.2 

- 
Ma, 

- 
99 

49 

- 

Re / f t  

,lo-6 
Unit 

.e ynolds 
Yumber 

1.781 

). 863 

f 

yc/ sec 

3. 91 
3. 91 
3.95 
3. 94 
3.97 
3. 96 
3. 98 
3.99 
4 .00  
3 .99  
3. 88 
4 .00  
4. 08 
4. 18 
4. 26 
4. 30 
4 .30  
4.36 
4.41 
4.45 
4. 51 
4.48 
3.88 
4 .00  
4. 08 
4.10 

4.26 
4.30 
4. 30 
4. 36 
4.41 
4.43 
4.45 
4.46 
4.51 

A 1 9  
-E. L U  

Cmq t 
Cm tu 

-0.500 
-0.484 
-Q. 515 
-0.500 
-0.520 
-0.636 
-0.734 
-0.700 
-0.499 
-0.632 
-0.046 
-0 .  037 
-0.016 
t o .  066 
t o .  079 
to. 096 
t o .  220 
to .  269 
to. 340 
t o .  417 
to .  486 
to .  539 
-0.281 
-0.177 
-0.184 
-0.107 

n -u. W J  

-0 .  032 
to. 059 
to. 134 
to. 208 
to. 267 
to. 314 

t 0 . 4 1 3  
to. 376 

t 0.442 

- 
e 

deg 

4. 72 
4. 70 
4. 24 
4. 18 
3. 80 
3.67 
3. 31 
3. 18 
2. 87 
2 .74  

-9.30 
-8.74 
-8.25 
-7.19 
-6.49 
-5.91 
-5.35 
-4.91 
-4.53 
-3 .83  
-3.25 
-2 ,98  
10. 76 
10.12 
9. 36 
8. 72 
3.95 
7. 08 
6.32 
5. 38 
5.12 
4.65 
4.24 
3. 86 
3.51 
3.22 

a d/  2Va 

r a d  

I. 00551 
0. 00551 
3.00557 
0.00556 
3. 00559 
0. 00559 
0. 00562 
0. 00562 
0.00564 
0. 00563 
0. 00655 
0. 00676 
0. 00689 
0. 00706 
0.00720 
0. 00726 
0. 00726 
0.00737 
0.00745 
3.00751 
0. 00762 
9. 00757 
0.' 00655 
0. 00676 
0. 00689 
0. 00693 
0.057% 
0. 00720 
0. 00726 
0. 00726 
0. 00737 
0. 00745 
0.00749 
0.00751 
0.00754 
0. 00762 

- 59 - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

. 
Launch Escape  Vehicle, Design Center  of Gravity,  

With S t r a k e s  (Cont) 

VCO 

ft/ s e c  

1407.5 
.416.2 

lb/ f t 2  

173.2 
383. 5 

- 
49 

. 5 0  

- 

R e  / f t  

, lo-6 
Unit 

.e ynol d E 
Vumber 

1.863 
:. 381 

f 

ycI sec 

4.4; 
8. 50 
9. 04 
9.27 
7. 90 
9.47 
8. 50 
9. 50 
8. 73 
9. 60 
9. 03 
9. 06 
9 .64  
9. 19 
9.23 
9. 31 
9.40 
9. 70 
9.49 
9 .73  
9.46 
9 .58  
9.55 
9 .73  
9 .59  
9 .64  
9. 85 
9.68 
9.73 
9. 71 
9. 82 
9 .73  
9.75 
9 .79  
9. 98 
9. 80 

- 6Q - 

Cmq t 
Cm iy 

l / r a d  

t o .  499 
-0.668 
-0.391 
-0.382 
-0.601 
-0.344 
-0.458 
-0.272 
-0.444 
-0.126 
-0.352 
-0.330 
-0.750 
-0.292 
-0. 188 
-0.385 
-0.326 
-0.334 
-0.382 
-0.233 
-0.366 
-0. 113 
-0.341 
-0.685 
-0.258 
-0.192 
-0.364 
-0.525 
-0.572 
to .  004 
-0.446 
-0. 103 
-0.474 
-0.273 
-0.776 
-0.270 

2.91 
-8.09 
-7.35 
-6.80 
-6.51 
-6.36 
-6.14 
-6.00 
-5.88 
-5.75 
-5.68 
-5.45 
-5 .33  
-5.32 
-5.16 
-4.98 
-4.89 
-4.86 
-4.64 
-4.60 
-4 .57  
-4.34 
-4 .33  
-4.24 
-4. 15 
-4.09 
-3.87 
-3.86 
-3.81 
-3.64 
-3.59 
-3 .54  
-3.47 
-3.38 
- 3 . 2 4  
-3.23 

w d /  2Vm 

r a d  

0.00757 
0. 01427 
0. 01518 
0.01557 
0. 01327 
0.01591 
0.01428 
0.01596 
0. 01467 
0. 01613 
0. 01516 
0. 01522 
0. 01619 
0. 01544 
0. 01551 
0. 01564 
0.01579 
0. 01630 
0. 01594 
0. 01635 
0. 01588 
0. 01609 
0. 01604 
0.01635 
0.016 11 
0.01620 
0. 01654 
0.01625 
0. 01635 
0.01631 
0.01649 
0. 01635 
0. 01638 
0. 01644 
0. 01676 
0.01646 

SID 64-1015 

~~ 



0 

N O R T H  A M E R I C A N  A V I A T I O N .  I N C  '%P.ACE !Ir!FORMP-T!O'U BYSTPhlE D!VJS!CN 

*e. J - . C I I . ' r . - 1 Q I  

Launch Escape  Vehicle, Design Center  of Gravity, 
,- 

W i t h  S t r akes  (Cont) 

0 

0 

VCO 

ft/ sec 

~~ ~ 

1416.2 

lb / f t2  

383.5 

Re / f t  
6 x10- 

Unit 
Le yno 1 d I 

Number 

4. 381 

f 

y c l s e c  

9. 83 
9. 80 
9. 85 
9.94 
9. 87 
8. 17 
8. 91 
9. 15 
8. 18 
9.25 
9.42 
8. 81 
9.49 
9.59 
9.11 
9. 16 
9.62 
9.29 
9.29 
9.69 
9.40 
9.45 
9. 72 
9. 50 
9.75 
9.54 
9: 57 
9.61 
9. 81 
9.61 
9.70 
9. 81 
9. 70 
9. 70 
9.75 
9. 92 

Cmq t 
Cm & 

l / r a d  

-0.210 
-0.309 
-0.493 
-0.225 
-0. 134 
-1.413 
-0.744 
-0.193 
-1.298 
-0.315 
-0.491 
-0.533 
-0. 115 
-0.470 
-0.458 
-0.353 
-0.582 
-0.596 
-0.363 
-0.292 
-0.146 
-0.541 
-0.289 
-0.503 
-0.485 
-0.485 
-0.126 
-0.362 
-0.391 
-0.447 
-0.408 
-0.348 
-0.234 
-0. 137 
-0.383 
-0.700 

- 
e 

-3.20 
-3.02 
-3.00 
-2.96 
-2. 87 
12. 05 
9.95 
9 .13  
9. 07 
8.69 
8. 10 
7.68 
7. 65 
7. 25 
7. 03 
6. 82 
6 .65  
6.43 
6.39 
6. 17 
6.00 
5. 90 
5 .84  
5 . 6 5  
5.46 
5.44 
5 . 3 1  
5. 08 
5. 06 
5.02 
4 .74  
4 .73  
4. 71 
4.51 
4.41 
4.34 

w d/  ~ V Q  

r a d  

0. 01651 
0.01646 
0.01654 
0. 01669 
0. 01658 
0.01372 
0.01497 
0. 01536 
0. 01373 
0.01554 
0. 01583 
0. 01480 
0. 01594 
0. 01611 
0. 01531 
0. 01539 
0. 01615 
0. 01561 
0. 01560 
0. 01627 
0. 01578 
0. 01587 
0. 01633 
0. 01595 
0. 01638 
0. 01602 
0. 01608 
0.01614 
0. 01648 
0. 01615 
0.01630 
0. 01648 
0. 01629 
0. 01629 
0. 01638 
0. 01666 

- 61 - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  ' SPACE and INFORhlATION S Y S T E M S  DIVISION 

Unit 
Reynolds 
Number 

Launch Escape Vehicle, De s ign Center  of Gravi ty ,  
With S t rakes  (Cont) 

. 5 0  

Va, 

14.381 

f t /  s ec  deg 
- 

4.34 
4.16 
4.10 
4.04 
3.96 
3.85 
3.83 
3..77 
3.62 
3.61 
3.58 
3.45 
3.38 
3.33 
3.31 
3.14 
3.14 
3.09 
3.03 
3.02 
3.03 
3.00 
2.86 

-15.16 
-15.09 
-15.08 
- 13.02 
-13.02 
-12.96 
-1 1.14 
-1 1. 07 
-1 1.03 

-9.48 
-9.34 
-9.2C 
-8. 06 

1416.2 

2220.7 

r a d  

0.01636 
0.01646 
0. 01645 
0.01672 
0.01653 
0. 01654 
0. 01678 
0. 01647 
0.01657 
0.01659 
0. 01691 
0.01663 
0.01659 
0.01697 
0.01663 
0. 01715 
0. 01677 
0.01668 
0.01712 
0.01709 
0.01721 
0.01718 
0.01677 
0.00223 
0. 00223 
0.00223 
0.00224 
0.00224 
0.00224 
0.00222 
0. 00222 
0.00222 
0. 00218 
0. 00218 
0.00218 
0. 00215 

qa 

lb/ f t2  

383.5 

52.9 

I R e / f t  

3.99 0.470 

f 

rcf sec 

9. 74 
9. 80 
9. 79 
9.96 
9. 84 
9. 85 
9. 99 
9. 80 
9. 87 
9. 88 
0. 06 
9.90 
9. 88 
0.10 
9. 90 
0.21 
9. 98 
9.93 
0. 19 
0. 18 
0. 25 
0. 23 
9. 98 
2. 08 
2.08 
2. 08 
2. 09 
2. 09 
2. 09 
2. 07 
2. 07 
2. 07 
2. 04 
2. 04 
2. 03 
2.01 

- 62 - 

Cmq t 
Cm tu 

l / r a d  

-0.151 
-0.189 
-0.404 
-0. 059 
-0.268 
-0.251 
-0.455 
-0.162 
-0.427 
-0.154 
-0.289 
-0.221 
-0.405 
-0.475 
-0. 074 
-0. 015 
-0.207 
-0.604 
-0. 049 
to .  342 
to .  057 
to .  105 
-0.682 
-1.854 
-1.786 
-1.832 
-1.935 
-1.836 
-1.922 
-1.894 
-2.044 
-1.994 
-2. 046 
-2.171 
-2.268 
-1.750 

b 



0 

0 

N O R T H  .AMERICAN A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

y- --w.pL- 

Launch Escape Vehicle, Design Center  of Gravi ty ,  
W i t h  S t r akes  (Cont) 

f t /  sec 

2220.7 

2269.9 

lb/ft2 

52. 9 

789.2 

Re / f t  

,lo-6 
Unit 

.e ynol d E 
Vumber 

0.470 

6.566 

f 

yc /  se< 

2.00 
2.00 
1.98 
1. 98 
1.97 
1.97 
1.97 
1. 98 
1.95 
1 .95  
2. 08 
2.08 
2. 08 
2. 09 
2. 09 
2. 09 
2. 07 
2. 07 
2.07 
2. 03 
2. 03 
2. 03 
2.00 
2.00 
2.00 
1.98 
1*98 
1.97 
1.97 
1.97 
1.97 
1.95 
1.94 
8.07 
8. 09 
8. 18 

Cmq t 
Cm & 

l / r a d  

-1.643 
-1.668 
-1.652 
-1.859 
-1.606 
-1.169 
-0.933 
-0.883 
t o .  236 
-0.149 
-2.855 
-2.756 
-2.712 
-2.518 
-2.684 
-2.744 
-2.315 
-2.352 
-2.302 
-1.695 
-1.705 
-1.745 
-1.372 
-1.240 
-1.196 
-0.506 
-0.685 
-0.364 
t o .  393 
t o .  655 
to. 672 
t1 .054  
t l .  057 
-1.869 
-1.723 
-1.613 

- 
e 

deg 

- 
-7. 71 
-7.56 
-6.57 
-6.21 
-6. 09 
-5. 17 
-4.82 
-4.75 
-4. 02 
-3.80 
13.73 
13.68 
13.62 
11.29 
11.26 
11. 19 
9. 31 
9.23 
9.17 
7.77 
7.67 
7.52 
6 .53  
6.27 
6. 12 
5.28 
5; 01 
4. 91 
4.22 
3. 96 
3. 90 
3. 30 
3.20 

-13. 95 
13.66 
11.73 

d/ 2Vco 

rad  

0. 00214 
0. 00214 
0.00212 
0.00212 
0.002 12 
0.00212 
0.00211 
0.00212 
0.00209 
0. 00209 
0.00223 
0. 00223 
0. 00223 
0.00224 
0.00224 
0. 00224 
0.00222 
0.00221 
0.00221 
0.002 18 
0. 00218 
0. 00217 
0.00214 
0. 00214 
0. 00214 
0.00212 
0.00212 
0.0021 1 
0.00212 
0.00211 
0.00212 
0. 00209 
0.00208 
0.00846 
0. 00847 
0. 00857 

- 
a t  

- 63 - 
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\ 
SPACE and INFORMATION SYSTEMS DIVISION 

\ 
N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  

Launch Escape  Vehicle, Design Center  of Gravity,  
. 

W i t h  S t r akes  (Cont) 

Va, 

f t /  s e c  

1269.9 

lb/  f t 2  

789.2 c. 00 

- 

Re / f t  

, lo-6 
Unit 

e yno Id s 
h m b e r  

6.566 8. 16 
8. 06 
8. 12 
8. 08 
8. 15 
7.93 
7.89 
8. 10 
7.58 
7.48 
7.89 
7 .53  
7.25 
7.26 
7.22 
7.86 
7.91 
8.10 
8 .11  
8. 17 
8. 17 
8. 09 
8. 07 
8. 04 
8.16 
7.88 
7.82 
8. 05 
7 .45  
7.84 
7.34 
7.30 
7.36 
7.39 

Cmq t 
C m  iu 

l / r a d  

-1.741 
-1.779 
-1.935 
-1.930 
-1.608 
-2. 125 
-2.181 
-1.899 
-2.251 
-2.520 
-2.007 
-2.360 
-3.932 
-3.727 
-3.528 
-3.896 
-3.452 
-2.571 
-2.504 
-2.417 
-2.552 
-2.511 
-2.505 
-2.645 
-2.514 
-2.412 
-2.509 
-2.498 
-2. 319 
-2.466 
-2.390 
-2.172 
-1.938 
-2.387 

deg 

- 
11.50 
10.40 
-9.86 
-9.60 
-8.78 
-8.06 
-7.82 
-7.37 
-6.42 
-6.13 
-6.03 
-4.79 
-4.66 
-4.41 
-3.49 
-3.07 
-3.00 
ll..36 
11.05 

8.92 
8.66 
8.49 
7.02 
6.74 
6.63 
5.47 
5.21 
5.17 
4.24 
4.01 
4.00 
3.28 
3.11 
3.07 

w d/ 2Vm 
~ 

r a d  

0.00855 
0.00845 
0. 00850 
0.00847 
0. 00854 
0.00831 
0.00827 
0.00849 
0.00794 
0.00784 
0.00827 
0.00789 
0.00760 
0.00761 
0.00756 
0.00824 
0.00829 
0.00848 
0.00850 
0.00857 
0.00856 
0.00848 
0.00846 
0.00842 
0.00855 
0.00825 
0.00819 
0.00843 
0.00780 
0.00822 
0. 00769 
0.00765 
0.00772 
0. 00774 

0 

0 
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NORTH A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORhlATION S Y S T E M S  DIVISION 

,.*-*e.--. *-- 

Launch Escape Vehicle, Alternate  Center  of Gravity,  
Without S t rakes  

0 

e 

- 
.un 
- 

- 
!4 

!5 

!6 

!7 

- 

Va, 

f t /  sec 

1671.1 

1686.9 

2034.5 

2024.4 

9 m  

lb/ft2 

165.8 

927.5 

1089.2 

102.1 

- 
Ma 
- 

- 
1.99 

!. 00 

3. O(  

2.9' 

- 

Re / f t  

x10-6 
Unit 

,e yno 1 d s 
Vumber 

0.855 

4.704 

6.946 

0.656 

f 

y c l s e c  

2.99 
2. 98 
3. 31 
3.37 
3 .  07 
3. 05 
3 .34  
3 .41  
3.54 
7.53 
7.59 
8. 53 
8. 54 
8.82 
8.82 
7. 82 
7. 82 
8. 64 
8.63 
8. 84 
6. 71 
6. 75 
6.97 
7.00 
7.51 
7.52 
1. 92 
1. 91 
2. 15 
2. 18 
2. 31 
2.31 
2.38 
2.41 
1.94 
1.95 

Cmq;t 
Cm CY 

l / r a d  

-0.267 
-0.363 
-0.599 
-0.506 
-1.581 
-1.777 
-1.351 
-1.235 
-0.651 
-0.776 
-0.888 
-0.933 
-0.985 
-1. 191 
-1.082 
-1.937 
-1.925 
-1.268 
-1.569 
-1. 312 
-1.752 
-1. 751 
-2. 016 
-2.045 
-1.889 
-1.713 
-0.674 
-G. 674 
to. 388 
+O. 367 
+O. 965 
t o .  759 
t l .  678 
t l .  591 
-1.305 
-1.388 

e 

deg 

-3.75 
-3.67 
-3. 04 
-2.88 
5.54 
5.42 
3.96 
3. 67 
3. 05 

-4.45 
-4.37 
-3. 65 
-3.53 
-2.93 
-2.84 
4. 90 
4. 78 
3. 50 
3.34 
2. 70 

-3.75 
-3.73 
6, 08 
5.95 
3. 92 
3 .88  

- 

-5.31 
-5.23 
-4. 03 
-3.96 
-3.34 
-3.30 
-2.99 
-2.83 
8. 09 
7.95 

3 d/ 2Vm 

r a d  

0.00426 
0.00425 
0.00472 
0. 00480 
0. 00437 
0.00434 
0. 00476 
0. 00485 
0. 00504 
0. 01062 
0.01070 
0. 01203 
0.01204 
0.01244 
0.01243 
0. 01103 
0. 01 103 
0.01218 
0.01217 
0.01247 
0.00785 
0.00789 
0. 00815 
0. 00819 
0.00878 
0.00880 
0. 00226 
0. 00224 
0.00253 
0. 00256 
0.00271 
0. 00271 
0.00280 
0. 00283 
0. 00228 
0.00229 

deg 

- 
!.83 

1.30 

i.55 

5.9c 

- 
- 65  - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORhfATlON SYSTEMS DIVISION 

* 

Launch Escape  Vehicle, Al te rna te  Center  of Gravity,  
Without S t r akes  (Cont) 

f t /  s ec  

!024.4 

!259.8 

Z244.3 

lb/f t2  

102.1 

794.0 

65. 1 

Ma, 

- 
Z .  99 

i .  00 

3.99 

- 

Re / f t  
6 x10- 

Unit 
.e yno 1 d s 
gumber 

0.656 

6.700 

0.558 

f 

ycI sec  

2. 18 
2.20 
2.32 
2.32 
2.39 
2.41 
2.46 
2.46 
2. 50 
6.65 
6.66 
6.90 
6 .89  
7.01 
7.02 
7.41 
7.44 
6.73 
6 .73  
6.91 
6. 91 
7.01 
7.02 
7.61 
7.64 
8. 00 
8. 02 
1.84 
1.87 
1. 87 
1 .99  
2.00 
2. 14 
2.15 
2.27 
2. 29 

Cmq t 
Cm & 

l / r a d  

-0.467 
-0.444 
t o .  254 
-0.072 
t o .  347 
to .  443 
t o .  858 
t l .  009 
t o .  986 
-1.561 
-1.660 
-1.857 
-1.892 
-2.286 
-2.321 
-2.200 
-2.462 
-2.338 
-2.344 
-1.900 
-1.967 
-1.689 
-1.700 
-1.367 
-1.444 
-1.442 
-1.100 
-1.936 
-1.424 
-1.502 
-1.339 
-1.499 
-0.745 
-0.793 
-0.544 
-0.397 

e 

deg 

6. 01 
5.87 
4 .86  
4.78 
4. 15 
3.90 
3.48 
3. 29 
2.96 

-8.43 
-8.41 
-6.54 
-6.47 
-4.86 
-4.79 
-3.53 
-3.42 

7. 72 
7 .67  
5.63 
5.57 
4 .30  
4 .23  
3.41 
3 .34  
2.79 
2.77 

10. 07  
-8.03 
-8. 00 
-6.20 
-6.12 
-4.84 
-4.72 
-3.84 
-3.75 

3 d /  2Vcn 

r a d  

0.00256 
0.00259 
0. 00273 
0.00272 
0. 00281 
0. 00284 
0.00289 
0. 00289 
0. 00294 
0. 00700 
0. 00702 
0.00726 
0. 00726 
0. 00738 
0. 00739 
0. 00780 
0. 00783 
0. 00708 
0.00708 
0. 00727 
0. 00728 
0.00738 
0. 00739 
0. 00801 
0. 00804 
0.00842 
0. 00844 
0.00195 
0. 00198 
0.00198 
0.00211 
0.002 12 
0.00227 
0.00227 
0.00241 
0.00243 

- 66 - 
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V* 

f t l  s e c  

1244.3 

Launch Escape Vehicle, Al te rna te  Center  of Gravity,  
Without S t rakes  (Cont) 

l b / f t2  

65.1 

- 
3.99 

- 

Re/ f t  

,lo-6 
~~ 

Unit 
Ze yno 1 d s 
Number 

0.558 

f 

y c l s e ,  

2.39 
2.40 
1.85 
1.84 
1.88 
1.88 
2.02 
2.01 
2. 16 
2.15 
2.31 
2.29 

l l r a d  

to .  522 
to .  613 
-2.391 
-2.185 
-1.562 
-1.396 
-0.485 
-0.476 
-0.073 
-0.062 
t l .  127 
tl. 211 

- 
e 

deg 

- 
-3.12 
-3.08 

7. 87 
7.68 
5.68 
5.62 
4.30 
4. 27 
3.40 
3.38 
2.81 
2.80 

w d/  2Va 

r ad  

0.00254 
0. 00255 
0.00196 
0.00195 
0.00199 
0.00199 
0. 00214 
0.002 13  
0. 00229 
0.00228 
0.00245 
0.00243 

- 67 - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Launch Escape Vehicle, Design Center  of Gravity,  
Without S t r  akes 

VCO 

ftl sec  

1409.6 

lb / f t2  

868.0 

Re /ft 

, lo-6 
~~ 

Unit 
.e ynolds 
Number 

4.359 

f 

y c f  see 

7.94 
7.96 
8.74 
8 .73  
9. 05 
9.29 
9.31 
9.54 
9.51 
9.69 
9.74 
9.76 
9.82 
9.85 
9. 96 
9.99 
9.96 
0.01 
0. 09 
0. 09 
0.23 
0. 19 
0. 14 
0.37 
0.29 
8. 18 
8. 17 
8. 79 
8 .80  
9. 19 
9. 15 
9.35 
9.51 
9.52 
9.69 
9.76 

Cmq t 
Cm ;U 

l / r a d  

~~ ~ 

-0.758 
-0.586 
-0.417 
-0.735 
-0.500 
-0.243 
-0.347 
-0.645 
-0.606 
-0.725 
-0.415 
-0.496 
-0.486 
-0.317 
-0.596 
-0.481 
-0.616 
-0.468 
-0.456 
-0.862 
-0.467 
-0.684 
-0.973 
-0.698 
-0.263 
-1.600 
-1.431 
-0.828 
-0.887 
-0.929 
-0.738 
-0.779 
-0.824 
-0.789 
-0.667 
-0.761 

e 

- 
-9.00 
-8.88 
-8.08 
-7.92 
-7.45 
-6.96 
-6.95 
-6.45 
-6.27 
-5.80 
-5.61 
-5.25 
-5.19 
-4.83 
-4.80 
-4.49 
-4.36 
-4.14 
-3.98 
-3.72 
-3.67 
-3.34 
-3.24 
-2.99 
-2.92 
11 .03  
10.67 

9. 02 
8.81 
7.87 
7.73 
6.87 
6 .61  
6. 08 
5 .74  
5 .39  

r a d  

~ 

0.01341 
0.01343 
0.01475 
0.01474 
0.01528 
0.01569 
0.01571 
0.01609 
0. 01605 
0.01636 
0.01644 
0. 01647 
0.01658 
0.01662 
0.01681 
0.01686 
0.01681 
0. 01688 
0.01702 
0.01702 
0.01726 
0.01720 
0.01 71 1 
0. 01750 
0. 01737 
0.01381 
0.01379 
0. 01483 
0.01485 
0.01552 
0.01545 
0.01578 
0.01605 
0.01607 
0.01635 
0.01647 

.39t 

i. 

- 68 - 
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* " I  2 4 B + M M w b  
Launch Escape Vehicle, Design Center  of Gravity,  

Without S t rakes  (Cont) 

VCO 

f t l  s e c  

1409.6 

1686.9 

lb / f t2  

368. 0 

327.5 

1.5(  

2.00 

- 

Re / f t  

,lo-6 
Unit 

:e ynold: 
Number 

4.359 

4. 704 

f 

yc/  sec 

- 
9.85 
9.78 
9.95 
9.99 
0. 06 
9.99 
0. 13 
0. 13 
0.23 
0.25 
0.20 
0.40 
8.16 
8. 98 
8.16 
8.12 
9. 32 
8 .94  
8. 93 
9. 51 
9.35 
9.48 
9. 33 
9. 50 
9.56 
9. 52 
9. 23 
9.52 
8.39 
8.39 
8. 38 
9. 08 
9. 05 
9. 05 
9.41 
9.41 

Cmq t 
Cm iu 

l / r a d  

-0.707 
-0.892 
-0.799 
-0.924 
-0.975 
-0.523 
-0.394 
-0.817 
-0.408 
-0.018 
-0.285 
-1.123 
-1.657 
-1.174 
-1.619 
-1.616 
-1.321 
-1.338 
-1.401 
-1.336 
-1.198 
-1.264 
-1.351 
-1.330 
-1.655 
-1.860 
-2.332 
-1.690 
-2.598 
-2.679 
-2.663 
-2.017 
-2.190 
-2.131 
-2.270 
-1.864 

5.01 
4.76 
4.46 
4. 15 
3.91 
3.69 
3. 50 
3. 32 
3.24 
3. 07 
3. 02 
2.80 

-9.47 
-7.71 
-6.94 
-6.89 
-6.51 
-5.58 
-5.52 
-5.46 
-4.67 
-4.58 
-4.56 
-3.92 
-3.73 
-3. 18 
-3.56 
-2. 98 
9.85 
7.84 
7. 70 
7. 16 
5.59 
5. 51 
5.43 
4.22 

r a d  

0. 01662 
0. 01651 
0.01679 
0.01685 
0. 01698 
0. 01686 
0. 01710 
0.01710 
0. 01727 
0.01730 
0. 01 72 1 
0.01755 
0.01 150 
0. 01266 
0.01150 
0. 01145 
0. 01315 
0.01260 
0. 01260 
0. 01341 
0. 01319 
0. 01336 
0. 01316 
0. 01339 
0.01349 
0. 01342 
0 . 0 : 3 0 :  
0. 01343 
0. 01183 
0.01183 
0. 01182 
0.01280 
0. 01277 
0. 01276 
0.01327 
0. 01327 

- 69  - 
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- 
tun 
- 

- 
31 

32 

3 3  

- 

Va, 

f t /  sec 

1686.9 

Z032.6 

!025.4 

Launch Escape Vehicle, Design Center  of Gravity,  
Without S t r akes  (Cont) 

9 m  

lb/ f t2  

927.5 

1086. 7 

99.6 

Ma, - 

- 
!. 00 

1. 00 

Z .  99 

- 

R e / f t  

x10-6 
Unit 

Le ynol d: 
Number 

4.704 

6.950 

0.639 

f 

yc/ s e c  

9.41 
9.50 
9. 51 
9.55 
8.27 
8.29 
8.40 
8.40 
8.63 
8.62 
9.39 
9.40 
8.33 
8.32 
8.42 
8.39 
8. 76 
8.79 
2.50 
2.50 
2.49 
2.55 
2.54 
2.54 
2. 56 
2.55 
2.54 
2.55 
2.56 
2.54 
2.61 
2.62 
2.63 
2.72 
2.75 
2.74 

- 7 0  - 

Cmq t 
Cm b 

l / r a d  

-2.144 
-1.970 
-1.973 
-1.933 
-2.138 
-2. 183 
-2.242 
-2.527 
-2.969 
-3. 052 
-2.572 
-2.154 
-2.818 
-2.913 
-2.642 
-2.785 
-2.383 
-2.324 
-1.397 
-1.371 
-1.316 
-1.353 
-1.343 
-1.369 
-1.323 
-1.366 
-1.'446 
-1.681 
-1.331 
-1.521 
-1.341 
-1.568 
-1.313 
-1.117 
-1. 037 
-1.161 

e 

4.20 
4.13 
3.28 
3.22 

-8.38 
-8.29 
-6.07 
-6.06 
-4.26 
-4.15 
-2.94 
-2.90 
7.20 
7. 14 
4. 91 
4 .79  
3.45 
3.34 

13.00 
-12.98 
~12.91  
-1 1.00 
t11.00 
l o .  95 
-9.31 
-9.29 
-9.21 
-7.67 
-7.64 
-7.61 
-6.26 
-6.20 
-6.18 
-5.18 
-5.13 
-5.07 - 

r a d  

0.01328 
0.01340 
0. 01341 
0. 01347 
0.00968 
0.00970 
0.00983 
0.00983 
0.01010 
0.01009 
0.01099 
0. 01 101 
0.00975 
0.00974 
0.00985 
0.00981 
0. 01025 
0. 01029 
0. 00294 
0. 00293 
0. 00292 
0.00300 
0.00299 
0.00298 
0.00300 
0.00299 
0.00299 
0.00299 
0. 00300 
0.00299 
0.00306 
0.00307 
0. 00309 
0.00320 
0.00324 
0.00322 

SID 64-1015 
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Launch Escape  Vehicle, Design Center  of Gravi ty ,  
Without S t rakes  (Cont) 

Va, 

f t l  s e c  

2025.4 

9co 

l b / f t2  

99. 6 

Re / f t  

,lo-6 
Unit 

.eynolds 
Yumber 

0. 639 

f 

yc/ sec 

2. 84 
2. 87 
2. 86 
2.93 
2 .95  
2 .93  
2. 98 
2.99 
3.02 
3. 03  
3. 04 
3. 06 
2. 50 
2. 51 
2. 50 
2.54 
2. 56 
2.55 
2. 55 
2 .54  
2. 55 
2.55 
2. 56 
2.55 
2. 63 
2. 62 
2. 64 
2. 76 
2 .74  
2.77 
2. 87 
2. 86 
2. 89 
2 . 9 4  
2 .94 
2. 96 

Cmq t 
Cm iu 

l / r a d  

-0.  526 
-0.554 
-0.335 
to. 231 
-0. 128 
to. 004 

to. 282 
to. 520 
t o .  347 
+ O .  693 
to. 624 
-2.081 
-2. 256 
-2.125 
-2.101 
-2.090 
-2.178 
- 1.709 
- 1.962 
-1. 256 
- 1. 544 
-1. 389 
-1. 689 

-0.  840 

-0. 637 

-0. 591 
to. 004 
-0. 264 
-0.11 9 
to. 081 
to. 596 
t o .  021 

to. 436 

-1.094 

-0. 930 

-0.  590 

e 

de€! 

- 

- 
-4. 38 
-4. 36 
-4. 31 
- 3 .  87 
-3. 81 
-3. 81 
-3. 52 
-3.41 
-3.39 
-3.20 
-3.12 
-3.08 
12. 19 
12.18 
12.10 
9.  72 
9. 65 
9. 60 
7. 74 
7.71 
7. 62 
6. 15 
6. 14 
6. 08 
5. 01 
4. 96 
4.93 
4. 20 
4. 19 
4. 16 
3. 64 
3. 61 
3. 60 
3. 23 
3. 2 2  
3. 17 

w d/  2Va 

r a d  

0. 00334 
0.00338 
0.00336 
0.00344 
0.00347 
0.00345 
0.00350 
0.00351 
0.00355 
0.00356 
0. 00357 
0.00359 
0. 00293 
0. 00295 
0.00294 
0.00299 
0. 00300 
0. 00299 
0.00300 
0. 00299 
0.00299 
0. 00299 
0. 00301 
0.00299 
0.00309 
0.00308 
0. 00310 
0. 00324 
0. 00322 
0. 00325 
0.00337 
0.00336 
0. 00339 
0.00346 
0.00345 
0.00348 

#-I-*- *-- * - 7 1  - v€lMmm@ 
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t un  
- 

33 

- 

Launch Escape  Vehicle, Design Center  of Gravity,  
Without S t r akes  (Cont) 

VCO 

f t /  sec 

?025. 4 

lb / f t2  

99. 6 

R e / f t  
6 x10- 

Unit 
Le yno 1 d I 

Number 

0. 639 

f 

y c /  sec 

2. 99 
3. 00 
3. 0 3  

- 72 - 

Cmq + 
Cm ir 

l / r a d  

t o .  455 
to. 622 
to. 776 

e 

2.93  
2. 90 
2. 8 3  

~~ 

w d /  2Vm 

r a d  

0.00351 
0.00352 
0.00355 

SID 64-1015 

~~ 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and lNFORhlATlON SYSTEhfS DIVISION 

-*.-I*-. -**- 

Launch Escape  Vehicle, Center  Line of  Gravity,  
Without S t rake  s 

VCO 

f t /  s e c  

~~ 

! O M .  7 

lb/ft2 

99. 6 

R e / f t  
6 x10- 

Uni t  
e yno 1 d z 
qumber 

0.646 

f 

qc/sec 

2.91 
2.93 
2 .93  
3.  03 
3.  05 
3.04 
3 . 0 8  
3 .10  
3.10 
3.11 
3.08 
3 .09  
3 .06  
2 .98  
2 .99  
2 .89  
2 . 7 7  
2 .73  
2.62 
2 .50  
2 .44  
2.42 
2 .39  
2 .  92 
2 .95  
2 . 9 4  
3 . 0 4  
3.06 
3 . 0 5  
3 . 0 9  
3.11 
3 .10  
3.11 
3.08 
3 .08  
3 . 0 5  - 

- 7 3  - 

Cmq t 
C m  c i  
XI-1) 

l / r a d  

-1. 954 
-1. 943 
-1. 983 
-1.  618 

-1. 670 
-1.  620 

-1 .401  
-1 .403  
-1. 363 
-1.  070 
-1.  066 
-0 .  909 
-1.  096 
-0 .974  
-0 .  909 
-0 .  801 
-1 .  217 
-1. 621 
-1.  683 
-1.810 
-1. 948 
-1 .846  
-1. 730 
-2 .249  
-2.287 
-2. 263 
-1.979 
-1 .  968 
-2.014 
-1. 783 
-1.  756 
-1.747 
-1.487 
-1 .  386 
-1.  287 
-1. 606 

e 

* deg 

816. 7( 
1 6 . 6  

,16 .4 :  
,13 .4 :  
.13. 3' 
.13 .1 ;  
. l o .  9 '  
. l o .  9 ;  
. l o .  7, 
-9 .  I '  
-8. 9 
-8 .8  
-7.81 
-7 .3 .  
- 7 . 3  
- 6 . 5  
- 5 . 9  
-5 .  6 
- 4 . 9  
- 4 . 3  
-3 .7  
- 3 . 1  
- 2 . 7  
14 .3  
1 4 . 1  
14 .0  
1 1 . 0  
1 0 . 8  
10.7 
8 . 6  
8 .  5 
8 . 4  
6 . 7  

rad 

0 .  00343 
0 .  00346 
0.00345 
0.00357 
0.00360 
0 .  00358 
0.00363 
0.00366 
0.00365 
0.00366 
0 .  00363 
0.00364 
0 .  00361 
0.00351 
0.00352 
0 .  00340 
0 .  00326 
0.00321 
0 .  00308 
0 .  00294 
0 .  00287 
0.00285 
0.00281 
0.00344 
0.00348 
0.00347 
0.00358 
0.00361 
0.00359 
0 .  00364 
0.00366 
0.00365 
0 .  00366 

W T I A L  
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC,  SPACE e=.d !NFGP.?.I'?TION S Y S T E M S  ~:v:s:o'.i 

C O N W U # M t  

Va, 

f t /  sec  

2018.7 

2030. 7 

1688.4 

Launch Escape Vehicle,  Center  Line of Gravi ty ,  
Without Strakes (Cont) 

lb/ft2 

9 9 . 6  

086.7 

927.5 

- 
!. 99 

i. 00 

!. 00 

- 

R e  / f t  

,lo-6 
Uni t  

Le ynol d s 
Number 

0.646 

6 .969  

4 .691  

f 

yc/ sec 

2.96 
2.97 
2.86 
2 .73  
2.69 
2.58 
2.47 
9.96 

10.04 
10.43 
10.42 
10.35 
10.36 

9 .61  
9. 71 
8. 50 
8 . 4 7  

10 .16  
10.12 
10.47 
10.52 
10.30 
10.23 
9 .36  
9 .29  
9 .59  
9 . 6 5  

11 .15  
11 .19  
11.87 
11 .95  
12.12 
12.03 
12.13 
12.20 
12.13 

- 74 - 

Cmq t 
Cm ;U 
x ( - l )  

l/rad 

-1 ,404  
-1.352 
-1.211 
-0.860 
-0.961 
-0. 567 
-0.238 
-2.216 
-2.249 
-2.158 
-2.010 
-1. 514 
-1. 613 
-2.251 
-1. 967 
-3. 382 
-3.365 
-2. 572 
-2. 558 
-2.190 
-2. 063 
-2.250 
-2.334 
-2.433 
-2. 262 
-2. 905 
-2.872 
-1.747 
-1.822 
-1. 203 
-1. 076 
-1.000 
-1. 236 
-0.909 
-0. 926 
-1. 145 

- 
e - 

k deg 

5. 07 
5.03 
4.26 
3.82 
3. 62 
3. 09 
2.75 

,13. 15 
,12.95 
-9.21 
- 9 . 1 4  
-6.81 
-6.73 
-4.95 
-4.95 
-3 .08  
-2.99 
11 .00  
10 .73  

7 .45  
7. 33 
5. 18 
5. 13  
3 .45  
3.42 

12.26 
(12.19 
-8.15 
-8. 12 
-6 .49  
-6.48 
-5 .54  
-5.41 
-4.78 
-4.59 
-4.08 

SID 64-1015 

o d/ 2Vm 

rad 

0.00349 
0.00350 
0.00337 
0.00322 
0.00317 
0.00304 
0.00291 
0.01167 
0.01 176 
0.01222 
0.01221 
0.01212 
0.01213 
0.01126 
0.01138 
0.00996 
0.00992 
0.01190 
0 .  01 185 
0.01226 
0.01232 
0.01206 
0 .01  199 
0.01097 
0.01088 
0.  01351 
0.01360 
0 .01  571 
0.01577 
0.01672 
0.01684 
0 .01  707 
0.01695 
0.01708 
0 .  01719 
0.01708 



0 
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- ..L I 

Va, 

f t l  sec 

1688.4 

1410.9  

Launch Escape Vehicle, Center  Line of Gravi ty ,  
Without Strakes (Cont) 

lb/ft2 

927. 5 

895 .8  

Re / f t  

,lo-6 
Unit 

Le ynold: 
Number 

4.691 

4.487 

f 

y c l s e c  

12 .12  
11 .96  
11 .85  
1 1 . 8 8  
10 .10  
10 .16  
11 .39  
11 .50  
11.88 
11.99 
12 .22  
12 .08  
12 .19  
12 .09  
12 .03  
12 .18  
11 .94  
11.92 
11 .90  
11.79 
11.77 
11.71 
9 .54  
9 .60  

10.70 
10 .78  
11 .26  
11 .30  
11 .59  
11 .80  
11 .94  
12 .02  
12.10 
12 .09  
12 .29  
12 .30  

Cmq t 
Cm c5 
x ( - l )  

l / r a d  

-1. 096 
-1.389 
-1.333 

-2.278 
-2.408 
-1.254 
-0. 968 
-0.754 
-0.696 
-0. 991 
-0.912 
-0,832 
-1. 076 
-1.241 
-0.705 
-1.321 
-0. 967 
-1.323 
-1.379 
-1.192 
-1.299 
-1. 192 
-1. 346 
-0. 778 
-0.754 
-0.  605 
-0.724 
-0.467 
-0.562 
-0.41 1 
-0.291 
-0.394 
-0.407 
-0.757 
-0.605 

- i .  118 

- 
9 - 

t deg 

-3. 92 
-3 .37  
-3 .26  
-2. 76 
12.  04 
11 .89  
8 .  94 
8 .  90 
7.  78 
7 .67  
6.  82 
6. 79 
5 . 9 5  
5.  85 
5 .10  
5. 09 
4 .37  
4.29 
3. 60 
3 . 5 5  
2 . 9 5  
2 . 8 8  

-12. 30 
-12. 14 
-10. 03 
-9.77 
-8. 78 
-8. 50 
-7. 92 
-7.53 
-7. 27 
-6 .93  
-6. 72 
-6.47 
-6. 06 
-5.89 

- 7 5  - 
SID 64-1015 

a d /  Z V m  

rad 

3.01 707 
3.01685 
3.01670 
3. 01673 
0.01422 
0.01431 
0.01605 
0.01620 
0.01673 
0.01689 
0.01 721 
0 .  01702 
0.01718 
0 .  01703 
0.01695 
0.01716 
0.01682 
0 .01  680 
0.01677 
0.01661 
0 .  01658 
0 .  01650 
0.‘01608 
0 .  01618 
0. 01804 
0 .  01817 
0.  01898 
0.01 906 
0 .  01953 
0.01989 
0.02013 
0.02027 
0.  02040 
0.02039 
0.02072 
0. 02074 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Launch Escape Vehicle, Cen te r  Line of Gravi ty ,  
Without Strakes (Cont) 

Va, 

f t l  sec 

1410.9 

9a, 

lb/ft2 

395. 8 I. 50 

- 

R e / f t  
6 x10-  

Unit 
Le ynol ds  
Number 

4 .487  

f 

yc l  sec  

12 .42  
12 .44  
12 .39  
12 .43  
1 2 . 4 4  
12 .48  
12 .30  
12 .25  
11.81 

9 . 8 3  
10 .00  
10 .88  
10 .92  
11 .38  
11 .44  
11 .69  
11 .89  
12 .16  
12 .18  
12 .31  
12 .31  
12 .50  
12 .43  
12 .38  
12 .39  
12 .44  
12 .45  
12 .45  
12 .18  
12 .16  

- 
- 76 - 

Cmq t 
C m  & 
x(- 1 ) 

l / r ad  

-0.595 
-0.554 
-0.738 
-0.372 
-0. 705 
-0. 930 
-0.637 
-1.001 
-1. 582 
-1. 273 
-1.428 
-0. 909 
-0.  816 
-0. 776 
-0.772 
-0. 541 
-0.594 
-0.876 
- 0 .  656 
-0. 612 
-0.778 
-0. 507 
-0. 587 
-0.439 
-0 .945  
-0.489 
-0. 798 
-0. 787 
-0.979 
-1.553 

e 

t deg 

-5 .29  
-4. 98 
-4. 70 
-4 .55  
-4 .13  
-4. 05 
-3. 65 
-3 .43  
-3 .02  
11. 69 
11 .29  

9.  40 
9. 03 
8. 09 
7 . 7 9  
7 .22  
6 .  86 
6 .  12 
5.  82 
5 . 3 6  
5.  13  
4. 71 
4 . 5 4  
4. 30 
3.97 
3 .93  
3.49 
3.40 
2 .  91 
2.87 

7 

rad 

0.02094 
0 .  02097 
0.02089 
0.02095 
0 .  02098 
0 .  02103 
0.02074 
0 .  02066 
0 .  01991 
0 .01658 
0 .  01686 
0. 01834 
0.01841 
0.01919 
0.01929 
0.01971 
0 .  02005 
0.02050 
0.02053 
0 .  02075 
0.02076 
0.02108 
0 .  02095 
0.02088 
0.02089 
0 .  02098 
0.02099 
0.02099 
0.02054 
0.02050 

SID 64-1015 

~ 


